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© Composite QAM-PSK transmission system. 

^SUmH! ? \*T nd main date Si9nal 80(1 a subdata si 9 nal - a ««*^ «">dulator produces a 
SSTITS!^ ?^ h COmPriSeS 8 quadr8ture ampDtude modulated component modulated I dT*! 
first and the second main data signals and represented by a radius on a phase plane and a phase mooted 
component modulated by the subdata signal are represented by a clockwise and a c^^c^^sXnte 
f^/^Lf ™'«'*"' ^modulator carries out an inverse operation to i^wduSTITSS 
signal ,nto first and second reproduced main data signal and a reproduced subdata signal ^ 
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MULTILEVEL MODULATOR CAPABLE OF PRODUCING A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 



Background of the Invention: 
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This invention relates to a multilevel modulator capable of producing a composite modulated signal in 
response to a main data signal and a subdata signal and to a multilevel demodulator for use as a 
counterpart of the multilevel modulator. 

^o^ 1, ! l8Vel modu,aBn 3 system of the type described is exemplified in United States Patent No 
4.498.050 issued February 5. 1985. to Yasuharu Yoshida, the instant applicant and assigned to NEC 
Corporation. This system Is a composite PSK-PSK modulating system which comprises a 2"-phase PSK 
modulated component carrying the main data signal and a 2-phase PSK modulated component carryina the 
subdata signal where k represents a positive integer. In the system, the main data signal has a first bftrate 
f , wtroh is not less than a second bit rate f, of toe subdata signal. As a result the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main data signal. 

In the meanwhile, a multilevel quadrature amplitude modulating system has recently become the center 
of a digital transmission system, in the multilevel quadrature amplitude modulating system, a pair of 
quadrature-phase carrier signals are amplitude modulated by first and second input signals into a multilevel 
quadrature amplitude modulated signal. When each of the first and the second input signals is an n-bit 
f? "Hi P0S ^ 6 lmg< * wh,cn !s not less than two. the multilevel quadrature amplitude 
modutated signal has 2**utput signal points on a phase plane which has an origin and real and imaginary 

i^n^SL^r 9 f J? °? in - ^ mmkNel ^rature amplitude modulator is exemplified 

1^™^^?^ **** N °- 7791217 fited ^mber 23- «985. by Junichi Uchibori etal. far 
assignment to NEC Corporation. 

The multilevel quadrature amplitude modulator can effectively utilize a carrier level. Therefore, a large- 
capac^r digital radio communication network ordinarily comprises the multilevel quadrature ampfitude 

ITKXIUifltOr. 

By the way. the conventional composite modulating system is restricted to the PSK modulation 
Namely the conventional composite modulating system can not be applied to the multilevel quadrature 
amplitude modulating system. M 

Summary of the Invention: 

Itistoerefore an object of this invention to provide a multilevel modulator capable of producing a 
^P^ 1 ^ modulated ^gnal comprising a quadrature amplitude modulated component and a phase 
moduteted component in response to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

ft is another object of this invention to provide a multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above. 

A multilevel modulator to which this invention is applicable is for modulating first and second main data 
signals and a subdata signal into a composite modulated signal. Each of the first and the second man data 
TH te J epr ?f ented ^ first bits where n is a positive integer which is not less than two. The 

subdata signal Is represented by one of first and second binary values at a time. The multilevel modulator 
compnses modulating means responsive to the first and the second main data signals and the subdata 

SSETf U T 9 ** ^ *" * e SeC ° nd main data Slgna,s and * e s«bdata signal into the composite 
modulated signal composing a quadrature amplitude modulated component and a phase modulated 
component. The quadrature amplitude modulated component is modulated by the first and the second main 

*** on a phase p,ane - * phase ™ ™ * 

mn^.JS' ti,eVe, , Ctem0dU - ator to WhiCh ™ S '* nventi0n is ^able is for demodulating a composite 
modulated signal compnsmg a multilevel quadrature amplitude modulated component modulated byfirst 

THOU 0 , T" 313 Si9 " alS ^ 8 Phase modulated component modulated by a subdata signal. Each of 
toe first and the second mam data signals is represented by first through n-th bits and has a first bit rate f,. 
The subdata signal is represented by one of first and second binary values at a time and has a second bit 
rate f, wh.ch is not greater than the first bit rate divided by a predetermined natural number m The phase 
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modulated component has a phase difference of 2a radian when the subdata signal is represented by a 
predetermined one of the first and the second binary values where o is not greater than W2*> The 
multilevel demodulator comprises detecting means for phase detecting said composite modulated signal to 
produce first and second phase detection signals.- According to this-invsrttion, the multilevel demodulator 
5 further compnses reproducing means coupled to the detecting means for reproducing a reproduced 
subdata signal and first and second reproduced main data signals in response to the first and the second 
phase detection signals. 

In the manner which will later be illustrated, the amplitude modulated component is represented on a 
phase plane by a radius from an origin. The phase modulated component is represented by a clockwise or 
io a counterclockwise shift 
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Brief Description of the Drawing: 

Fig. Ms a block diagram of a multilevel modulator according to a first embodiment of this invention- 
Fig. 2 shows an output signal point arrangement of a composite modulated signal produced by toe 
multilevel modulator illustrated in Fig. I; y 

Fig. 3 is a block diagram of a multilevel modulator according to a second embodiment of this 
in vent on; 

m«*J5:» 1$ if c l d, ! 9ram of 8 mu,a,evel demodulator for use as a counterpart of the multilevel 
modulator illustrated in Fig. I; 

Fig. 5 Is a block diagram of a subdata producing circuit and a selecting unit operable as a part of the 
multilevel demodulator illustrated in Fig. 4; ^ 
Fig. 6 Is a block diagram of a multilevel demodulator according to another aspect of this invention; 

JiJn?JL55? f! a9 [f m * 8 Subdata ******* circuit operable as a part of the multilevel 
demodulator illustrated In Fig. 6; 

Rg. 8 is a view for use in describing operation of the subdata reproducing circuit illustrated in Rg 7- 

invention* **** * * multl,evo1 demodul *°r according to still another aspect of this 

. J , l g L , °JLL^?f k J? la9ram ° f 8 8ubdata re P roduc ing unit operable as a part of the multilevel 
demodulator illustrated in Rg. 9; 

Rg. II is a view for use in describing operation of the subdata reproducing unit illustrated in Rg 10- 
Rg. 2 Is a view for use in describing operation of the subdata reproducing unit illustrated in Rg to- 

demodKlSsto^m rIT * "* 0P " b * — 

d_^ H £££ %TJ 8 main data rep,odu<rin9 unit operab,e -•»»«* * 8 «— 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Rg. 14. 

Description of the Preferred Embodiments: 

Referring to Fig. I. a multilevel modulator according to a first embodiment of this invention is similar to a 
conventional four-by-four quadrature amplitude modulator except for a phase modulator 20. The multilevel 
45 modulator is for use in modulating first and second main data signals MPI and MQI and a subdata signal 
SUB into a composite modulated signal CM. Each of the first and the second main data signais MPI and 
MQI is represented by n bits where n represents a positive integer which is not less than two. Ordinarily 

integer iJequal toST* 1 "* Paralle '' " ^ """^ ** * descri P tjon mat P^ve 

It wilt be i assumed that the first main data signal MPI is of a channel P and is represented by first and 
second bite XI and X2. The second main data signal MQI is of another channel Q and is represented by first 
and second bits Yl and Y2. Each of the first and the second main data signals MPI and MQI is therefore 
Z 3 ? ! l[ e f resentin 9 four l9vels - E ach of the first and the second main data signals MPI and MQI has a 
first bit rate f,. The subdata signal SUB is represented by a single bit. namely, one of first and second 
55 binary values wh.ch may be binary values T and "0". The subdata signal SUB has a second bit rate f 
which is equal to f,/m where m is a positive integer which is not smaller than two. * 
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The phase modulator 20 is supplied with a carrier oscillation signal SCI from a local oscillator a and is 
supplied with the subdata signal SUB. The phase modulator 20 is for phase modulating the carrior 
oscillation signal SCI by the subdata signal SUB and produces a phase modulated signal SC2. For example 
the phase modulated signal SC2 has a first predetermined phase difference relative to the earner oscillation 
signal SCI when the subdata signal SUB has the binary value "0". When the subdata signal SUB has the 
binary value T, the phase modulated signal SC2 has a second predetermined phase difference relative to 
the earner oscillation signal SCI. The first and the second predetermined phase differences should have a 
common absolute value « which should not be greater than W2*Yadian. m the example being illustrated 
0.19 radian is selected as the common absolute value a. 

The multilevel modulator comprises a first digital-to-analog converter 22 supplied with the first main 
data signal MPI and a second digitaHo-analog converter 23 supplied with the second main data signal MQI 
The first digrtaRo-analog converter 22 converts the first main data signal MR to a first analog signal The 
second digitaHo-analog converter 23 converts the second main data signal MQI to a second analog signal 
Each of the first and the second analog signals has an amplitude level determined by a pertinent one of the 
first and the second main date signals -MPI and MQI. The first and the second analog-signals are delivered 
through first and second tow-pass filters 24 and 25 to first and second amplitude modulators 28 and 27 as 
first and second modulating signals MP1I and MQI!, respectively. 

The phase modulated signal SC2 is delivered to the first amplitude modulator 26 as a first carrier signal 
SCIO artosupphed through a ,/2-phase shifter 28 to the second amplitude modulator 27 as a second carter 
* 9 , ™' J? 8 carrier s, 9 nal Sao 088 * quadrature phase difference relative to the second carrier 
signal SC20. The first and the second amplitude modulators 28 and 27 amplitude modulate the first and the 
second carrier signals SCIO and SC20 by the first and the second modulating signals MPII and MQH 
respectively. 

the second amplitude modulators 26 and 27 produce first and second modulated signals 
MPI2 and MQI2 and deliver the first and the second modulated signals MPI2 and MQI2 to a multiplexer 29 
The multiplexer 29 multiplexes the first and the second modulated signals MPI2 and MQI2 into the 
composrte modulated signal CM. ft is seen that the composite modulated signal CM comprises a multilevel 
quadrature amplitude modulated component and the above-described phase modulated component The 
mutolevel quadrature aiiiplitude modulated component is modulated by the first and the second main data 
agnals MPI and MQI. The composrte modulated signal CM has sixteen output signal points on a phase 

S^L^w L , be ,i 6SCTibed ' C ° mpOSite modulated si 9 na) CM is transmitted to a multilevel 
demodulator through a transmission medium. 

^Referring to Fig. 2. the phase plane is defined by an origin 0 and real and imaginary axes X and Y 
^^"fl * *• "Hi 1 " «• The real and the imaginary axes X end Y represent the first and the 
second modulated senate MPL2 and MQ12 of the respective channels P and Q. The sixteen outouTsignal 
points are ducted at Aft or Bij. where I and j are positive integers which are not greater than four. The 
output signal points Aij are derived when the subdata signal SUB has the binary value "0" and 

« t!* 18 p ^™ du,at8d S,9nal SC2 has first Predetermined phase difference relative to 
the earner osotiator agnal SCI. Each pair of the output signal points Aij and B« has a phase difference 
which ,s equal to twice the common absolute value «. Additional signal points Cij are depicted at midpoints 
of the output signal points Aij and Bij along concentric circles. The additional signal points Cij have 
amphtode levels ±L and ±3L These amplitude levels ±L and ±3L are used as reference levels on 

? ^TP.^ 9 SeC0nd main data siQnals MPI md MQI in *» multilevel demodulator as will be 

described later. 

*, ^!^2J^'i a 1 m "! U,eve, modulator according to a second embodiment of this invention is similar 
to ftattilustrated in Fig. I. The multilevel modulator, however, does not comprise the phase modulator 20 

SfSli; T""? 0 !! "OUT?- 1 ,nStead - multilevel modulator «™P*« «<* and second converting 
Z Jt^ T^J"!? 18 8U PP ,W with «"> first and the second main data signals MPI and MQI and 
toe subdata signal SUB. The first converting unit 30 comprises a first read-only memory 32 and a first 

° 9 , COnVerter M ' UkewiSe ' the second unit 31 comprises a second read-only 

f ™ V"?. 8 S RrSt di 9 ite, - to -analog converter 35. Each of the first and the second converting 
S?S ffifl , C ° nVertS * e ^ 8,8 Second main data si 9 nals MPI and MQI and the subdata signal 
MM anl'tn* h ^T 9 Si9 " alS MP2 ' and MQ2L Each of the first and the second analog signals 

MR Lnd" m ££f?!! ^ S"* iS detem,ined by * e ** *« *» SeCOnd «**• data signate 
^ "T. o bY ** 8ufadBte Si9nal SUB - ,n words - «* of »» and the second 
analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of the first and 
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the second main data signals MPI and MQ! is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2I and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. — 

The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a- first- carrier 
signal SCII and, through the »/2-phase shifter 28. to the second amplitude modulator 27 as a second carrier 
signal SC2L The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23, respectively. The first and the second modulated 
signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Fig. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
quadrature amplitude modulator. 

In Rg. 3, the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Rg. I. Furthermore, it is unnecessary with the multilevel modulator of Rg. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
signals MPI and MQ! and the subdata signal SUB. 

Referring to Rgs. 4 and 5, a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Rgs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40. a subdata reproducing unit 41, a processing unit 42, and a selecting unit 43. 

The phase detector 40 is supplied with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
axes X and Y on the phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted in Rg. 2 at ±L and 
*3L The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
levels of the first and the second analog signals DP and DQ. The first analog-to-digltal converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits YIO and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for discriminatina one of 
quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5, the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 46I and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discnmination signal SDP and the second bit Y30 of the second subdata discrimination signal SDQ the 
Exclusive OR circuit 46! produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discrimination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Rg. 2), both of the first and the second logical output signals have binary value T whichever 
quadrant the output signal point Aij may be. On the other hand, when the first and the second analog 
signals DP and DQ have the amplitude levels of the output signal points Bij, both of the first and the second 
logical output signals have binary value "0". it will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f 
The subdata signal SUB has the second bit rate f, which is equal to f,/m. In the first and the second logical 
output signals, same codes, m in number, may last in succession while one of the binary bits continues in 
the subdata signal SUB. This is because the first and the second main data signals are modulated by 
subdata signal SUB. But, a discrimination error may occur in outputs of the first and the second enalog-to- 
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digital converters 44 and 45. This is because the first and the second analog signals DP and DQ has a 
small level difference relative to the reference levels of the first and the second analog-to-digital converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result, the reprodoced subdata signal SUB' has a reduced code 
s error rate. 

In order to get rid of an influence of the code error of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463.' 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 
to errors. The majority circuit 483 produces an output signal in which a result of the majority decision lasts m 
bits. The output signal of the majority circuit 463 Is the reproduced subdata signal SUB'. Thus the code 
error rate of the reproduced subdata signal SUB' is improved. The code error rate depends on the positive 
integer m and the phase difference a. It is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large difference. The phase difference a is. however, restricted 

ts to w/2 2 " radian in the manner described hereinbefore. 

Referring again to Fig. 4. the processing unit 42 will be described more in detail. The processing unit 
42 comprises first through fourth phase shiners 47 to 50 and first through fourth additional analog-to-digital 
converters 51 to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 

20 described later. Likewise, the second shifter 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting the phase of the first analog signal DP. The third phase shifter 49 comprises a third attenuator 
491 and a second adder 492 and Is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for shifting the phase of the second analog signal DQ. 

25 . *€> first phase shifter 47, the first attenuator 471 attenuates the amplitude level of the second analog 
signal DQ by an attenuation factor which will presently be described. The first attenuator 471 thereby 
delivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal 
namefy, a first phase shifted signal DP. a , to the first additional analog-to-digital converter 51. 

so In the example being illustrated, the attenuation factor of the attenuator 471 is equal to tana The first 
phase shifted signal DP„ a is therefore given by: 

Ap«cos6 •Aa«sind«tana = K«cos(0 + a), 
where Apand Aq represent amplitude levels of the first and .the second analog signals DP and DQ e 
represents the phase of the first and the second analog signals DP and DQ. and K represents a constant 

ss Thus, the first phase shifted signal 0P. a has a leading phase of a radian relative to the first analog signal 

Likewise, the second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
a second phase shifted signal DP^ having a lagging phase of a radian relative to the first' analog signal DP 
The third phase shifter 49 supplies the third additional analog-to-digrtel converter 53 with a third phase" 

40 shifted signal DQ* a having the leading phase of a radian relative to the second analog signal DQ The 
fourth phase shifter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shifted signal DO„ having the lagging phase of a radian relative to the second analog signal DQ 

When the first and the second analog signals DP and DQ correspond to the output signal points Ail 
(Rg 2). a combination of the first and the third phase shifted signal DP.„ and DQ +tt represents each of the 

45 additional signal points Cij. The first and the third phase shifted signals DP.« and DQ* a therefore have the 
four amplitude levels ±L and ±3L When the first and the second analog signals DP and DQ correspond to 
the output s.gnal points By (Rg. 2). the second and the fourth phase shifted signals DP ^ and DQ_« each of 
which has the lagging phase of a radian have the four amplitude levels of ±L and ±3L 

The first through the fourth additional analog-to-digital converters 51 to 54 have first through seventh 

so reference levels of 0. ±L. ±2L, and ±3L and carry out a multilevel discrimination on the first through the 
fourth phase shifted signals DP. a . DP^. DQ* a , and DCL*. The first additional analog-to-digital converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
torough third bits XII to X3I. The first processed digital signal PPI conesponds to the output signal points 
, . ™! S6, thS SeCOnd addit,onal anatog-to-digital converter 52 produces a second processed digital 

ss signal PP2. The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits XI2 to X32. The thind additional, analog-to-digital converter 53 
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produces a third processed digital signal PQl. The third processed digital signal PQt corresponds to the 
output signal points Aij and is represented by first through third bits Yll to Y3I. The fourth additional analog- 
to-digital converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y32. 

Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and is 
supplied with the first through the fourth processed digital signals PPI, PP2, PQl. and PQ2 and the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI, PP2, PQl. and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI, PP2, PQl, and PQ2 and the reproduced subdata signal 
SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SOP and SDQ. Each of the first through the fourth processed digital signals PPI. PP2 PQl and PQ2 
has a bit rate which is equal to that of the first and the second subdata discrimination signals' SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 
fourth processed digital signals PPI, PP2. PQl. and PQ2. - 

Reference will again be had to Fig. 4. When the reproduced subdata signal SUB' has the binary value 
"I", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
Aij, the selecting unit 43 selects the first and the third processed digital signals PPI and PQl and produces 
the first and the third processed digital signals PPI and PQl as first and second output signals OPI and OQI 
When the reproduced subdata signal SUB' has the binary value "0", namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij, the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI 

The first output signal OPI is represented by first through third bits XI'. X2', and X3. The second output 
signals OQI is represented by first through third bits VT. Y2\ and Y3. A combination of the first and the 
second bits XI' and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 
DQ, respectively. 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XI' and Yl' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56 
The voltage controlled oscillator 56 produces a local oscillation signal which Is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Refening to Fig. 6, a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Figs. I and 3 A subdata 
reproducing unit 57 is used instead of the subdata reproducing circuit 41 described in conjunction with Fig 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Fig. 4 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58. a low-pass filter 59 and 
an analog-to-digital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied with the first and the second analoq 
signals DP and DQ from the phase detector 40. the subdata reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal. 

Referring to Fig. 7. the subdata reproducing circuit 58 comprises first through fourth phase shifters 581a 
to 58ld, first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c first 
through third analog switches 584a to 584c. and an adder 585. The subdata reproducing circuit 58 further 
compnses a discrimination circuit 586. an Exclusive-OR circuit 587. a selector 588. and an amplitude 
modulator 589. Such a reproducing circuit 58 is described in Japanese Published Examined Patent 
Application No. 698/83 by the present applicant. Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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mad !i^ P ^, d !? :tor J 0 (R9 ' 65 18 * e ««ven«onal multilevel quadrature amplitude 

^^cX il^S ^"f 9 a ^ 58 serves to produce a phase deviaton ?JST m 
"f ef8n ^f amBr s^" 31 reproduced in the multilevel demodulator. In the example beino illustrated iJ! 

« arf ,i^2 f, ^ C0,nb, " nati0n 01 * 9 firet and 918 S8C0nd fuI1 wave rectifiers 582a and 582b and the first 
subtracter 583a serves to produce a first processed analog signal DJ in response to toe Trtt Z. «3 
' -«f » a '°9 stsnate DP and DQ. Responsive to the firstlndlhe second S^Lf D pld DQ^ 
combination of the first and the second phase shifters 581a and 581b the secon? SLfS.. ' 

s Co^^o'thf fi r 5836 --^u^ir^'X 

r third Infractor 583c aiso serves to produce a third P«x^a^c^a^ - ^ ^ 
The output signal points Aij and Bij are classified into first through fourth groups shown in Fta a Th« 
d«cnmir«t.on drcuft 588 is for discriminating positions of the o^sfgrTpoX nSZ 1 I! 

a ^S 1031 ^ aQnd of the first and the second discrimination stanals GI and ftp Th* #?r*f jZZ 

the first processed analog signal DJ is supplied to the adder 585 when the w 3 *TZZ~^ . 
signals DP and DQ correspond to one of the output signal pofnte ^l M m L ^T^^ 

the wTZZ^TS^m^ T ^ different '"^ In aC0OfdanM w» ^ Positions of 
™ agnai points Aij and Bij. This is because the output siqna! ooints Aii nnH nn am ar JZZ^ , 

three concentric circles which have different diameters andT SnnmZ^ Ztl ?JZLT*£ 9 
suppresses thermal noise of the reproduced anai iSSTSnal DH %J?ZZ ^.J^ 3888 filter 59 

annate of each of the first and the i£? repriced main ^ STIST?^? 
reproduced subdata signal SUB' by approximately 6 dB. But. when the pSS intog^TS eouTtotio^ 

me S^S? ofl*^""* ? "** ^ SUB ' fe improved ^ approxSv 

toe improvement of the thermal noise by the use of the low-pass filter 59 (Rg. 6). Finally toec*eTr£ 

si^sa-sasr SUB ' - 59 " praved * 3 dB as ~ ^ 

as a'counZ^ St^I """"ff demodu,ator "Wrtho to still another aspect of this invention is for use 

Te— Jf T *" mU,ti,eVe, m0du,atore illustrated witn Terence to Rgs. I and 3. 

convene unt S T^T^T^ ampfifier 61. a pnase detector 62. a 

tffeh Slated ?£J2££ ^ 641 ^ 3 main data W»«*«0 «* 65. In the manner 

atTmptome^S^^' * " " " d " "* - — 64 -5 
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Supplied with the composite modulated signal CM', the intermediate-frequency amplifier 61 amplifies 
ttie composite modulated signal CUT and delivers an amplified signal to the phase detector 62. The phase 
detector 62 cartes out phase detection of the amplitude signal wHh reference to a pair of quadrature-phase 
local carrier signals supplied through a voltage controlled oscillator 66. The phase detector 62 delivers first 

s and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63. 

The converting unit 63 comprises first and second baseband amplifiers 67 and 68 and first and second 
analog-tCHi.gital converters 69 and 70. Supplied with the first and the second analog signals DPI and DQI 
the first and the second baseband amplifiers 67 and 68 are for amplifying the first and the second analog' 
signals DPI and DQI to deliver first and second amplified signals to the first and the second analog-to-digital 

10 converters 69 and 70. Each of the first and the second analog-to-digital converters 69 and 70 has seven 
reference levels 0. *U ±2L, and ±3L and carries out a multilevel discrimination of a relevant one of the first 
and the second amplified signals. The first and the second analog-to-digital converters 69 and 70 produce 
first and second converted digital signals DPII and DQII. each of which is given in bit parallel, as first and 
second discnmi nation signals. Each of the first and the second converted digital signals DPII and DQII mav 

75 be an eight-bit signal. . * 

^ " B !f rin9 f^esh to R 95. 10. II. and 12. the subdata reproducing unit 64 will be hereinunder described in 
deteil. The subdata reproducing unit 64 comprises a logic circuit 64I. first and second multipliers 642 and 
643. a subtracter 644. and a majority circuit 645. Responsive to first and second upper bits of the first and 
Z2 eC °? t C0 ? v8rtod DPII and DQII, the logic circuit 64! discriminates positions of the 

so additional signal points Cij corresponding to the first and the second converted digital signals DPII and DQII 
^Produces f«st and second factor data FPI and FQI. As shown in Fig. II, the first and the second factor 
data FPI and FQI take absolute values of unity and three In accordance with the position of the additional 
signal points Cij, in other words, the number of the positive Integer j. As shown in Fig. 12. the first and the 

« ^ ?*f r data . FP Lf d Fa *•» P° sifive or sign in accordance with the positions of the 

as additional signal points Cij. in other words, the number of the positive integer i 

When the additional signal points Cij are present In the first or the third quadrant of the phase plane the 
S^h'?£? '^ Ual * ° r J hree - ^ P 0 ^ 6 lnte9eri ls e " ual to one of un "V "rouah four. In this 
Z£L ™ ifSJ" T* P ™ 642 and 643 convert 106 first and *• converted digital 

so S ^D^l^T^ 1° *" 0UtPUt Sl9nal * *° firet «» 89C0nd ^P'icafion signals 
so DMSI and DMS2, respectively, which correspond to the output signal point All (Rg. 2). The first and the 
second multipliers 642 and 643 also convert the first and the second converted digital signals DPII and DQII 
corresponding to the output signal points Bij to the first and the second multiplication signals DMSI and 
DMS2, respectively, which correspond to the output signal point Bll (Rg 2) 

» obnr^ ^ ^ dlti -°I? P ° intS ai ^ present in me second or 408 fourth quadrant of the phase 
£ \ Z ,nt8Qer ' iS eQUal totwoOT ,our whl,e me P 05 '^ biteg<* i is equal to one of unity 

through tour. In this event, the first and the second multipliers 642 and 643 convert the first and the second 
converted digital signals DPII and DQII corresponding to the output signal points Aij to the first and the 
second muljphcafion signals DMSI and DMS2. respectively, which correspond to the output TgnTpZ 

« no? a ?n^" 8ebnd mu ! tip,i8rS 642 ^ 643 8,80 first second converted digital 

f! 9 ? n^i, 3 " , rS l L COrreSp0ndin9 to 1,19 output s,9nal P° int B 'i to *** flrst ^ second multiplication 
signals DMSI and DMS2. respectively, which correspond to the output signal point B3I. 

Supplied with the first and the second multiplication signals, the subtracter 644 subtracts the second 

mult.pl.cation signal DMS2 from the first multiplication signal DMSI and produces a subtraction result signal 

m bit parallel. The subtraction result signal represents a level of the reproduced subdata signal SUB' 

s Furthermore the subtraction result signal has the most significant bit representative of a positive sign by the 
cSf • rJf"^ d , thB S8C0nd conv9rted di 9tal signals DPII and DQII correspond to the output 
signal point An. On the other hand, the subtraction result signal has the most significant bit representative of 
a negative sign by the binary "0" when the first and the second converted digital signals DPII and DQII 

0 ^I SP D ^ d A ° th l.°" to i 8i ? nal P° int Bi '' before, it Is possible to discriminate whether the output signal 
£ k • J ° bV d,scnm,natin g to° sign of the most significant bit of the subtraction result signal. The 
majonty crcurt 645 cames out a majority decision on the most significant bit of the subtraction result signal 
by counting the binary »|» and "0" of the most significant bits, m in number. The majority clcui Ss 

22 slS SUbT 8 ° f " **" — " * * ™»« ^ is *° 

! Mm ?„ f !! Tin9 !° ' 3, t a S "^ ata reproducir, g unit M ' «'s similar to that illustrated in Fig. 10 except that a 
is ^SSSLi fir! d ^ M ' t0 - an f°f To!^ 646 ' 3 '^P 388 fi,ter M7 ' an analog-to-digital converter 648 

i^TS^S (R9 - ,0) - Supp,ied "* *• subtraction re5U,t si 9 naJ in bit P^ 1 * 1 

from the subtracter 644. the digital-to-analog converter 646 converts the subtraction result signal to an 
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analog signal The analog signal has a bandwidth restricted by the low-pass filter 647 which has the same 
bandwidth as the low-pass filter 59 described in conjunction with Rg. 6. The low-pass filter 647 delivers a 
filtered signal to the analog-to-digital converter 64a The filtered signal is converted by the analog-to-diqttal 
converter 648 to the reproduced subdata signal SUB' of a single bit 

5 Referring to Figs. 14 and 15, the main data reproducing unit 65 comprises a logic circuit 651 a delay 
circuit 652. first and second multipliers 653 and 654. and first and second adders 655 and 656 The logic 
draft 651 produces first and second factor data FP2 and FQ2 in response to the reproduced subdata signal 
A* shown in R 9- '5. when the reproduced subdata signal SUB' corresponds to the output signal 
points Alj (Rg. 2). the logic circuit 651 produces the first factor datum FP2 of -tana and the second factor 

to datum FQ2 of tana. To the contrary, when the reproduced subdata signal SUB' corresponds to the output 
signal points Bij (Rg. 2), the logic circuit 651 produces the first factor datum FP2 of tana and the second 
factor datum FQ2 of -tana. 

The delay circuit 652 has the same delay time duration as the delay circuit 431 described in conjunction 
with Rg. 5. A combination of the first and the second multipliers 653 and 654 and the first and the second 
is adders 655 and 656 is a digital calculator and carries out the following digital calculation- 



20 



fOPllj r 1 TtsmoC^ p)PlI| 
loQllJ l+taniX 1 J LDQllJ 



1 r cosoC TsincO pPH' 
cosof [+sine( cos« J i^DQll, 

as 

where OPII and OQII are addition results of the first and the second adders 655 and 656. respectively. In the 
m - . ' apairof P*" 8 minus ^ns will be called a sign pair. When the reproduced subdata 

signal SUB corresponds to the output signal point Alj (Rg. 2). an upper sign of the sign pair is used When 

*> S„^ UC 2L SUMata £ignaS SUB ' COrreSP ° adS «o the output signal point Bij (Rg. 2^3 tower sign TZ 
sign pair is used* 

nn ,,f^ m ' n 9 back » Rg. 2. each of the output signal point Alj or Bij may be considered as a vector (DPII 

^2T*2S UCOSa *** 18 8 COnSta " t ^ rotates the output signal 

point Alj by a radian around the origin 0 counterclockwise and rotates the output signal point Bij by « radian 

, H^ !r ri9 ! n ° C, ° CkwiS8 - Therefore ' fi^t and the second addition results OPII and OQII correspond 
to the addition* signal points Cij (Rg. 2) no matter whichever of the output signal points Aij and Bij the first 
and toe second converted^ coital signals DPII and DQII may correspond to. Namely, each of the first and 
toe second addition results OPII and OQII is a signal wherein each of the first and the second converted 
digit* signals DPII and DQII is derived of the phase modulated component modulated by the subdata 
signal. 

Referring again to Rg. 9. the first and the second adders 655 and 656 produce the first addition result 
OPH^esented by first through third bits XI'. X2'. and X3 and the second addition result OQII represented 
by first through third bits Yl'. Y2'. and Y3. respectively. ^ 

„ a b T X3 Y3 repreS8flt a P" 336 dewation of the first and the second amplified signals 

namely first and second input signals of the first and the second analog-to-digital converters 69 and 70 and 

fll!fn * 8 " d the S8C0nd baseband amplifiers 67 and 68 through a low-pass filter 71. The 

JZrS « !!f^ Sf*!?? r P ' ifi8f5 67 and 88 corrtro1 a d ' c - outout l9v «' thereof in response to the 
toird bite X3 and Y3 filtered by the low-pass filter 71. As a result, it is possible to compensate for a drift of 

2? STL lB "? J ° f .* e firSt and «™ second am P ,ffi ed signals. Such a drift compensation of the 
demodulator is described in United States Patent No. 4.498.050 issued to Yasuharu Yoshida. the instant 
applicant, and assigned to NEC Corporation. 

l09ic c ] rc u uit 7 3 is for contro " in 9 a 9ain of the intermediate-frequency amplifier 61 and another 
S A « S r° n f Sf 86 ampRRer 68 in Tes P° nse to toe first and the third bits XI and Yl. and X3 and 
Sateen? 2 ?! 7 f^ 8d ff° n r6SUltS ° P " ■ nd 0QU - Such a *l* circuit is described in United 
Sporafe? 31X1 Y0Shid8, instant ^P" 08 "*- md ^'e^ to NEC 

conj^nctiS, withRg. ^ ^ C ° ntr ° IS ^ VOta8e corrtTO,l0d osdllator 66 in manner described in 
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rteJlSi' ™ ?°S!? 10 feduCe 8 Characteristic degradation due to imperfectness of hardware of the 
IT. 5 a " d 8,8 -8"* « reproduced by the digrtaTSSiSuon 

inJU"! *!? inV !? ti0 u hM * US * b8en d " rtbed in conjunction with several preferred embodiments 
ITmll^ te r S i b '% for th0S8 Sk " ted in * P* this invention .Wo practice ?2S 

other manners. For example, the first and the second main data signals may be represented by different 
numbers of bits. In mis event, the sum of the different numbers may not necessarily be eleven SJSTS 

or flreater than three. Accordingly, the number of the output signal points of the composite modulatedsional 

S£T £ r h ? S ^ * 18 readi ' y ° nderSt00d ** «"a'og-toK 1 igrta. inverters Z tte X 
amu,ts should be for an increased number of bits, and that the phase difference « and the posifivelnteXr 
m should be modified for optimum operation. posrove integer 

Claims 

I. A multilevel modulator for modulating a first and a second main data signal and a subdata sional into 

ISZZ iTf^' ° f 88ld firSt Snd 8aid «-» ^ta signals .^K£22d * 

Sl^SSh °i 8 8 inte9er Which is not te» *an two said subdata sSS beinJ 

Z 2 y ^ 8 flf5t 8 S8C ° nd bin8,y V8lUe * 8 time ' Wherein ^ imprevement comprises - 
mSHtnS w reS H P0 "^ 10 "J fir8t and ^ second mai " <** -8n* and said subdateTgnal for 

f , . 89COnd m8,n d8ta 8i9nalS 80(1 said into said composte 

modulated signal comprising a quadrature amplitude modulated component and a phase moXed 
component, said quadrature amplitude modulated component being modulated by saUfirat a^ I 2£ 
second main data signals and having 2* output signal points on a phase plane, said phase^m^ulSd 
component being modulated by said subdata signal. modulated 

Z n^ m T, !T 0dU,at0r 88 C,8imed in Cl8,m '• wherein 88,(1 modulating means comprises: 

phase modulating means responsive to a pair of quadrature-phase carrier sicnals and said sui^at* 

sa M <, nS2 Ure J T I P ( | i !! d8 modulatin 9 means responsive to said first and said second main data signals and 

2 f-ZTJ ■^-"T'ST 8mplitUde m ° dU,atin9 Said phase modulated component £2 f^ 
and said second main data signals into said composite modulated signal 7 

n hn 3 ' i£ UltileV81 , m ° du,ator 38 clalmed in Claim 2. wherein said phase modulated component has a first 
t!L irS»° f H P,U8 L !r/ e,atiVe 10 ** 0f ^**ure-phase earner signals where a te n* 
greater than ^ when said subdata signal has said first binary value, said phase modulated component 

wZ 9 < s a i f C s n , d t PhaSe T'™? ° f m ' nUS * radian re,ative to said of quadrature^hasfc^rsTnals 
when said subdata signal has said second binary value. signals 

4. A multilevel modulator as claimed In Claim I. wherein said modulating means comprises- 

oon^^i-H 2? 10 83W firet 80,1 said second main data -Onals and said subdata signals for 

ZSESli Ed ^ mai " ^ Si9n8,S bV Sm SUbd8ta *"* into a first - a'secoS 

said q fi^ re JH mPli ^ m0dU,at,, !? m9an$ r98P0nSiVe t0 a pair of q"adrature^hase carrier signals and 

SSL °. ? 8 9na,S f ° r 8mp,itUde m ° dulatin9 said P air of q«adrature.ph£e canier 
signals by said first and said second converted signals into said composite modulated signal 

5 A multilevel modulator for modulating a main data signal and a subdata signal into a comoosite 
modulated signal said main data signal being represented by first through N-th bite where N TsZ ^d 
number, said subdata signal being represented by one of a first and a'second 21*11? at Ttim e 
wherein the improvement comprises: ' 
modulating means responsive to said main data signal and said subdata signal for modulating said main 
data signal and said subdata signal into said composite modulated signal comp risirT quaSaZ 
amplitude modulated component and a phase modulated component, said quadrature amSude moduSd 

sTZ^S T°. dU,at9d ^ *** main d3te Si9n8 ' md h8Ving 2N -gn- PoinToTa pha^e p Se 
said phase modulated component being modulated by said subdata signal 

6. A multilevel demodulator for demodulating a composite modulated signal comprising a multlleval 
quadrature amplitude modulated component modulated by a first and a second main daS afanTaT J 
Phase modulated component modulated by a subdata signal, each of said first 1 said ZZSSti fU 
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signals being represented by first through irth bits and having a first bit rate f, where n represents a 
positive integer which is not less than two. said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate U which is not greater than said first bit rate 
divided by a predetermined natural number m. said phase modulated component having a first phase 

s difference of plus* radian when said subdata signal is represented by said first binary value, where a is not 
greater than W2 2 ". said phase modulated component having a second phase difference of minus o radian 
when said subdata signal is represented by said second binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detect on signal, wherein the improvement comprises: 

m reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 8. wherein said reproducing means comprises: 
subdata reproducing means responsive to said first and said second phase detection signals for 
ts reproducing said reproduced subdata signal; and * 

main data reproducing means responsive to said first and said second phase detection signal for 
reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 

a A multilevel demodulator as claimed in Claim 7. wherein said subdata reproducing means comprises: 
anaiog-to-oigitaJ converting means responsive to said first and said second phase detection signals for 
converting said first and said second phase detection signals to a first and a second digital signal- and 

subdata producing means responsive to said first and said second digital signals for producing said 
reproduced subdata signal *~u<-..i a *kuu 

9. A multilevel demodulator as claimed in Claim 8. wherein said subdata producing means comprises- 
logic circuit means responsive to said first and said second digital signals for carrying out a logical 

operation on said first and said second digital signals to produce a first and a second logical output signal; 

majority circuit means responsive to said first and said second logical output signals for carrying out a 
majority decision on 2m-bHs which are equal to a sum of m-bfts of said first logical output signal and m-btte 
so of said second logical output signal to produce a result signal as said reproduced subdata signal 

10. A multilevel demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
reproducing means comprises: 

processing means coupled to said detecting means for processing said first phase detection signal to a 
c J second processed digital signal and said second phase detection signal to a third and a fourth 

s processed digital signal: and 

nnv ^^^ n Zf anS T***? to !f d processin 9 means for aa*** one of said first and said second 
processed digital signals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal. 

II A multilevel demodulator as claimed in Claim 10. wherein said processing means comprises- 
phase shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase detection signal to produce a first and a second phase shifted signal and a phase 
of said second phase detection signal to produce a third and a fourth phase shifted signal, said first and 
said second phase shifted signals having a leading and a lagging phase of « radian relative to said first 
phase detection signal, said third and said fourth phase shifted signals having a leading and a lagging 
phase of o radian relative to said second phase detection signal; 

anaiog-to-digital converting means responsive to said first through said fourth phase shifted signals for 

dSS?2^ tht ° Ugh *** f ° Urth PhaS8 SWfted S ' 9nals to 88ld firet thr0U9h fourtn Pressed 
12. A multilevel demodulator as claimed in Claim 6. wherein said reproducing means comprises- 
converting means coupled to said detecting means for converting said first and said second phase 
detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 9 

main date reproducing means responsive to said first and said second converted digital signals for 
reproduang said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 
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13. A multilevel demodulator as claimed in Claim 12, wherein said subdata reproducing means 
comprises: 

logic circuit means responsive to said first and said second converted digital signals for carrying out a 
logical operation on said first and said second converted digital signals to produce a first and a second 
factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13, wherein said digital processing means comprises- 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

15 a subtracter responsive to said first and said second multiplication 'signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

zo IS. A multilevel demodulator as claimed In Claim 13, wherein said digital processing means comprises- 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
B multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- 

a digital-to-analog converter coupled to said subtracter for converting said subtraction result'signal to an 
analog signal; 



30 



a low-pass filter coupled to said digital-to-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said filtered signal to a digital 
signal as said reproduced subdata signal. y 

16. A multilevel demodulator as claimed In Claim 12, wherein said main data reproducing means 
35 comprises: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
40 and said second factor data into said first and said second reproduced main data signals 

17. A multilevel demodulator as claimed In Claim 16. wherein said digital processing means comprises- 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal- ' ' 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
45 mult.py.ng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding said first converted digital signal to said second multiplication signal to produce said first reproduced 
main data signal; and p 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding said second converted digital signal to said first multiplication signal to produce said second 
reproduced main data signal. 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplitude modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and havmg a first bit rate f , where N represents an odd number, said subdata signal being represented 
by one of a first and a second binary value at a time and having a second bit rate f, which is not greater 
than said first bit rate divided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than »/2«, said phase modulated component having a second phase difference 
of minus a radian when said subdata signal is represented by said second binary value, said demodulator 
compnang detecting means-for phise detecting said composite modulated signal to produce a first and a 
second phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal In response to said first and said second phase detection 
signals. 
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